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RELATIONSHIP OF THE TORTLE, FOREST, AND PARK RIVERS
TO THE HISTORY OF GLACIAL LAKE AGASSIZ

Samuel S. Harrison

ABSTRACT

The th.esis here abstracted was written under the direction of
Wilson M. Laird and approved by John R. Reid and Alan M. Cvancara as
members of the examining committee, of which Dr. Laird was Chainnan.
During the summer of 1964 a study of the Turtle, Forest, and
Park river valleys was undertaken to find evidence of former changes
in river regimen.

The regimen of rivers once draining into glacial

Lake Agassiz was probably affected by changes in base level associated
with fluctuations of that lake.

The Turtle, Forest, a,:ld Park rivers,

which presently flow eastward across the bed of Lake Agassiz, show
little irrefutable evidence of base level fluctuations.
Numerous terrace-like surfaces are found in these valleys from the
area of the beaches headward.

The lowest and most prominent surface

is about 8 to 12 feet above river level.

Ov'e rbank deposition occurs

on this surface during periodic floods.

It is the refore a product of

the present river regimen and is an active floodplain.

Other, higher,

surfaces in thes~ valleys are, however, true terraces.

Most are

/
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unpaired and none can be traced for more than one mile.

None can be

directly related to a particular stand of glacial Lake Agassiz.
· 'Iwenty-:five f'eet of' sandy eil t exposed in a cutbank in the P&2."k

River valley suggests fluctuations in base level.

Erosion of the

valley may have occurred during the ~ake Agassiz I-II interval, followed

by aggradation as base level rose during Lake Agassiz II time.

sub-

sequent to drainage of the lake, the river has eroded this fill.
Seven mussel species were collected from cutbanks on the Turtle
River.

They represent essentially a small river or creek fauna.

Three of these species do not presently inhabit the river.

I
I

/
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INTRODUCTION
Purpose
The base level of rivers on the bed of glacial Lake Agassiz
was probably once controlled by the level of this former lake.
Features within these valleys might therefore show the effect of
changes in regimen associated with the various lake stages.

From

the numerous rivers in the Lake Agassiz basin, the Turtle, Forest,
and Parle rivers were selected for this study.

Features within the

valleys of these rivers were studied in an effort to determine the
relationship of the rivers to the history of glacial Lake Agassiz.
In this .paper particular attention is paid to terrace-like features
found in parts of the three river valleys.

Other factors which

are considered include variations in lithology and channel morphology,
drainage basin morphology, flood frequency data, and organic remains
in the terrace-like sediments.

Special emphasis is given to the ,.

problem of distinguishing floodplains from terraces.
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Location and Description o.r the Area

--

The Turtle, Forest, and Park river drainage basins are in
----...... ---· -·
northeastern North Dakota and occupy portions of Walsh, Grand Forks,

--------· . -

-----

.

Nelson, Pembina, and Cavalier counties (ng. 1).

The area they

encompass covers approximately 2.500 square miles and lies within
T. lS0-161 N., R.

SO-S9

W. and is bounded by

97°10• and 98°;0• west

longitude and 47°50• and 48°35• north latitude.
The basins drain eastward across the western flank of the
valley of the Red River of the North, locally referred to simply
as the Red River.

This ~orth-fiowing river lies along the valley

axis of glacial Lake Agassiz.

The entire area is mantled with glacial

deposits of varying type and thickness.
The Park River is the most northerly of the three ,rivers studied
and originates in south~stern Cavalier County (pl. I).

Its South

Branch flows through the town of Park River where it pasS'es over the
Homme Dam one mile west of the town.

'!his branch merges with the

North and Middle branches about three miles west of Grafton ar:d the
Park River continues eastward to join the Red River about 37 miles
north of the city of Grand Forks.
The Forest River, directly south of Park River, has its headwaters in northwestern Walsh County.

Near Fordville its three

branches converge and pass through the towns of Forest River and
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Minto.

The junction of the Forest and Red rivers is 28 miles north

of Grand Forks.
The Turtle Riv.,r, with ita headwaters in weatem Grand Forks

County, is the southernmost of the three rivers.

Its north and

south branches merge about four miles west of Turtle River State Park,
near .Arvilla.

Seventeen miles north of Grand Forks the Turtle River

discharges into the Red River.
Th.e paths of the three rivers are essentially parallel and
traverse similar terrain.

Headward tributaries in the western

portion of the area now southeastward through a rolling, irregular
ground moraine 'With local relief up to 4-0 feet on the upland.

river valleys here are incised about

50

The

to 6o feet and in some places

have cut through the drift into the underlying shale bedrock.

Their

courses continue southeastward and the Forest and Turtle Rivers cut
through the Elk Valley "Delta", a five-mile-wide lobe of alluvial

sediment.

The Forest and Park rivers transect the F.dinburg moraine,

a till ridge up to 70 feet high on the westem margin of the lake
sediments.
Upon reaching the ~onner lake bed, which slopes gently toward the .
Red River at about 10 feet per mile, the paths of the Turtle and
Forest rivers swing abruptly east-northeast.

The course of the

Park River is easterly across the lake bed.

Local relief here is

practically nonexistent except for a few no>:th-northwest-trending
ridges and the river valleys, which are entrenched as much as 4-0 feet
below the surface of the lake plain.

15

The ridges, generally less than

feet high, are composed of sand and gravel and represent former

strand lines of glacial Lake Agassiz.

/

The courses of the Turtle and
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Forest rivers swing north-northeast as they approach the Red River.
A narrow stri.P of land about one mile wide, nearly parallel to and

8 miles west of the Red River, is characterized by marshes, lakes, and
artesian springs, all containing saline water.

A standing body of

water occurs where each of the three rivers crosses this belt.

Kellys

Slough drains into the Turtle River, Lake Ardoch into the Forest River,
and Salt Lake into the Park River.

These features are attributed to

sapping and seepage of saline water from the subcrop of the Dakota Group
of Cretaceous age into the overlying glacial sediments (Laird, 1944, p. 6).
Except for the saline area described above, nearly all of the lake
plain is cultivated.

Land in the area of the ground moraine is used

tor either crops or for grazing.

Trees are found only in the river

valleys and in scattered, planted windbreaks.

Climate
Climatological data collected over a 69-year period at the University
of North Dakota Weather Bureau Station show that the mean annual
temperature at Grand Forks is 39.2° F. (U.S. Weather Bur., 1961). · The
average temperature throughout the summer months of June, July, and
August is 66.3° F. whereas during the winter months of December, January,
and February it is 7. 7° F.
Precipitation r~cords over a similar period at Grand Forhs show
an annual mean of 19 .8 inches (U. s. Weather Bur., 1961).

More than

three-fourths of this amount falls between April and September.

The

average maximum monthly precipitation, 3.8.5 inches, falls during June.
Thunderstorms can be expected to occur twenty to thirty days each year
with a precipitation intensity of one inch per hour occurring about once

. -·- -
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every two years (Miller et al.,

1962,

pl.

I and U.S. Weather Bur., 1961).

Annual runoff for the area is extremely low, being less than one inch
per year (Miller et al., 1962, pl. 10).

The maximum annual. fiood

typically occurs in April and is usually accompanied by ice jams, which
may cause severe high water conditions.

History of Lake Agassiz and Associated Features
Lake Agassiz. -- The most recent summary of the history of
glacial Lake Agassiz at the time of this writing is that of Elson

(1955, p. 288-292), who added his inferences to the data previously
amassed by Upham, Tyrell, Johnston, and Leverett. ·Another summary,
by W. M. Laird, is now in press.

According to El.son, the lake

originated during Late Cary time (Late Woodfordian) when northward
drainage of the Red River was blocked by an advancing glacier (table 1).
The lake rose to its highest level, the Herman phase, and began draining southward through the Lake Traverse outlet.

The lake level

slowly subsided. until a resistant bedrock sill in the outlet was
reached.

During this lowering the Norcross, Tintah, and Upper Campbell

beaches were fonned ( table 1).

Retreat of the glacier during the

Two Creeks Interstadial opened an outlet to the east, thus draining

Lake Agassiz I (El.son,

1955, P• 290).

Most, if not all, of the lake bed was exposed to subaerial
erosion until readvance of the ice during Valders time again blocked
drainage of the basin (Elson, 1955, P• 291).

The lake rose to the

Campbell. level again, once more draining through the Lake Traverse
outlet.

Recession of the ice at the end of Valders time permitted

;'

-- --- ""r"--~-~--,--.,.-.,-- - ~ - ~ - ~ - - - -- - - -
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final draining of the lake.

As Lake Agassiz II subsided, the

McCauleyville, Blanchard, Hillsboro, Emerado, Ojata, and Gladstone
beaches were formed (table 1).

The lake may have persisted until

the Post-glacial Thermal Maximum or Hypsithermal (ca_3000 - 6000
years B.P.) (El.son, 1955, P• 292). ·
Associated features.

Four .fan-shaped deposits of alluvilll'!l

are located along the western margin of the Lake Agassiz plain.
They were first discussed by Upham (1895), who named them, from
south to north, the Sheyenne, Elk Valley, Pembina, and Assiniboine
deltas.

The Elk Valley "Delta" is within the area of this study

and is crossed by the Forest River near Fordville am. by the Turtle
River near Larimore (pl. I).

The Pembina

11 Delta"

is directly north

of the Park River in the Pembina River valley.
Leverett (1932, p. 127) first questioned Upham's use of the t~rm
delta for describing these deposits.

More recently, El.son (1955,

p. 221-222) concluded that "from the generally uniform southward
slopes of both the Pembina and Elk Valley deltas, the apparent absence
of foresat slopes, and the apparently great thickness of topset beds,
it is inferred that both "deltas" probably are alluvial fans that were

deposited in Lake Agassiz basin before the lake level rose as high as
the Norcross water plane, and we_re subsequently modified by wave action ...
The Edinburg moraine lies along the lakeward. side of the Elk Valley "Delta,. (pl. I).

This moraine was probably deposited. by a

pause in the recession of a northeastward. retreating ice front at
about the same time the "delta" was formed (table 1).

After retreat

of the ice, the moraine was transected by the Forest and Park rivers
which apparently now through natural "sags" or "lows" in the till ridge.

/
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The problem of how these rivers cut through the moraine is not
within ~e scope of this study, but d·eserves further consideration.

Previous Studies
Terraces along the Turtle River were described by Laird
(1944, p. 5) as occurring 10 to 20 feet above the present stream
and 10 to 20 feet below the upland.

He noted the exposure of a

contact between the terrace deposits and the underlying till, and
concluded that the river had cut into the till and later deposited
sediment over the erosional surface.

The river subsequently cut

through these deposits, leaving them as terraces along the present
stream (Laird, 1944, P• 29).

He did not attempt to correlate these

events with the history of Lake Agassiz.

In a previous report, however, Laird (1943, P• 259) did discuss
the development of the Turtle River relative to the lake history.

He

described "extensive terrace deposits" along the river in the vicinity
of Turtle River State Park.

The river and the terraces are continuous

throusn the Campbell and McCauleyville beaches, and are therefore ·
younger than these beaches.

Farther downstream the terrace deposits

appear to grade rather evenly into the Ojata Beach.

Laird (1943~ P• 259)

concluded that the river was established during the Ojata stage of the
lake.

Subsequently, Laird (oral communication, April 1965, Univ. of -

N. Dak. Dept. of Geol.) ;~suggested that the Ojata stage persisted long
enough for the river to be graded to that level.
El.son (195.5, p. 26o, 288, 292a), in a study of the surf'ioial
geology of the Tiger Hills region, Manitoba, described numerous terraces
in the Assiniboine and Pembina. river valleys.

These rivers are north

of the Turtle, Forest, and Park rivers and are similar to them in that

12
they flow eastward into the Red River and at one time drained into
Lake Agassiz.

Alluvial. fill deposited in the Pembina and Assiniboine

valleys during and prior to Lake Agassiz I time (t.ab1e 1) resuJ.ted in
the formation of the Pembina and Assiniboine "deltas".

In the Pembina River valley, Elson found three pre-Lake Agassiz I
terrace levels which occur from 140 to JOO feet above the present
river (Elson, 19.5.5, fig. 5-6).

These terraces were deposited while the

river was carrying meltwater from the margin of an ice sheet that
bordered the river on the northeast.

While the highest terrace was being

deposited, the river discharged into an ice-marginal stream which
flowed southward toward the Elk Valley "Delta .. , 4.5 miles to the south
(El.son, 195.5, p. 222).

The third, or lowest of the three terraces,

grades into the Pembina "Deltau in northeastern North Dakota.
According to Elson, alluvial fill was deposited in the Pembina
Valley during the rise of Lake Agassiz I.

This alluvium is now the

surface of a paired terrace which grades into the Norcross or Tintah
lake level near Walhalla, North Dakota.

This terrace is

.50 to 100 feet

above the present valley bottom (Elson, 195.5, p. 132 and fig. 5-6).
As the level of th~ lake dropped, three more paired terraces were
cut into the "deltatt in the Pembina River valley.

The lowest of these

I

is about

.50 feet above the Pembina River and corresponds to the Campbell

phase of Lake Agassiz II (Elson, 195.5, P• 226).
At about the same time, a terrace which lies more than 7.5 feet above
the valley bottom was cut into
Assiniboine River valley.

the Assiniboine !'Delta
I

ti

in the

In addition, several more terraces were

carved into this delta during the draining of Lake Agassiz II, but none
was found to be paired (El.son, 19.5.5, p. 24.5).

I
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METHODS OF INVESTIGATION
Drainage Basin Analysis
Drainage nets of the three basins were traced from 1963
North Dakota State Highway Department county road maps at a scale of
half an inch per mile.

included.

All ephemeral streams shown on the maps were

.Analysis of each drainage basin included determination of

stream order, stream length, drainage density, length of overland flow, ·
and stream frequency.

was used~

The stream ordering method of Strahler (1952)

Results from these analyses are discussed on page 18.

Surface Water Data
At least one gaging station operated by the United States Geological
Survey is located on each of the rivers.

Data from these stations

include the recurrence interval and height of floods.

One of the most

important problems encountered in this study was distinguishing active
floodplains from terraces.

Using flood height information from the

gage records, an estimate was made of how :frequently certain terracelike surfaces are flooded.
page

Application of these data are shown on

35.

Cross-valley Profiles
Numerous cross-valley profiles of the three main riv.er valleys

were measured in the field in order to illustrate channel and valley
morphology and terrace-like features.

Horizontal distances were

I
I

I

-•

..
I
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measured by pacing.

Detennination of vertical distance was first

attempted using a Paulin altimeter read to the nearest two feet.

This

was soon £ound unsatisfactory because consistent readings could not
be obtained for differences in elevation of only a few feet.
level was found to give :mo~e accurate results.

A hand

The reference level for

all cross-valley profiles was. the water surface of the river.

Maximum

depth of the water at each cross section was also measured.
Where the river valleys were entrenched tens of feet below the
upland, traverses were extended only up to the valley wall.

This was

done to save field time since the height of the valley wall is not of
particular interest in this study.

In many instances these profiles

were later completed with data from topographic maps having a contour
interval of

S feet. Selected profiles are illustrated on Plate II •

. Longitudinal Profiles
In order to construct longitudinal profiles of the rivers, an
attempt was made to determine the water surface elevation at each crossvalley profile site using a Paulin microaltilneter, model M-1, with onefoot divisions.

Traverses consisting of less than ten stations were

begun and ended at Coast and Geodetic Survey bench marks.

The longest

traverse was about 20 miles, although most traverses were only about
10 miles long; each was completed in less than three-fourths of an hour.
To minimize variations in air pressure, traverses were run only on

clear days with a slight or no perceptible bree·z e.

Care was taken to

see that the in.strument was level and shaded at each reading, and
corrections were made for temperature at each station. · Traverses were
attempted at various times, both day and night.

To further shorten the

15
duration of each traverse and minimize the effect of wind and tempera ture changes, some measurements were made from the seat of an automobile parked on bridges over the river.

The vertica1 distance :fl'Om the

car seat to the water surface was subtracted from the reading.

Regard-

less of all the above precautions, the results were inaccurate and not
reproducible.

It was thus found advisable to take elevations from

topographic maps having a five-foot contour interval, using altimeter
data only where map coverage was unavailable.

Longitudinal profiles

of the river appear in Figure 2 on page 21.

Sediment Sampling and Analysis
To dete:rmine gross lithologic changes along the length of the
river channels, two sediment samples were collected at each crossvalley profile site.

One sample was taken flt"Om the bed of the

channel and one from the bank.

If the bank was composed of layers

of sediment of obviously different sizes, a composite sample was
collected.
The following procedure was used for particle size analyses.

The

sample was air dried, d~saggregated, passed through a sample splitter,
weighed, and soaked in a dispersing agent o:vernight (standard Calgon
solution as per Asphalt Institute Soils Manual, 1963).

The mixture

was then further disaggregated by agitating it a few minutes in a Ham-

ilton Beach mixer before wet sieving.

Two sieves, with 2.0 mm and

0.074 mm openings, were used to separate the sedd.ment into gravel,
sand, and silt-clay (mud) •

The boundary between sand and silt was

selected as 0.074 mm so that results could be compared to those of another study to be discussed later.

,'
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Thickness of Organic Horizon
The thickness of the organic-rich horizon of the soil profile on
the surface of terrace-like features in Turtle River State Parle was
measured.

It was assumed that this horizon increases in thickness with

time, thus indicating the relative age of these features.

Further,

this might provide a means by which "terraces" could be correlate.d
elsewhere in this valley and possibly with similar features along the
other two rivers.

Pits were dug on level surfaces and the organic-rich

horizon delinb&ted from the rest of the soil profile on the basis of
its black color.

Organic Remains
Organic remains collected during this study consist of logs, bones,
and mollusk shells.

They were all found in cutbanks, thus indicating

a shift of the channel subsequent to their deposition.

Pelecypod shells

taken from cutbanks along the Turtle River were of particular interest.
The location of these specimens and their stratigraphic position in
the ba.nk were recorded; also, a sample of the sediment in which the
shells occurred was collected.

Pelecypod shells were identified and

compared to the present fauna of the Turtle River by Dr. Al.an Cvancara
of the University of North Dakota, Department of Geology.

Related Flume Experiments
Field observation suggests that the shape of these channels is
different in the fine lake sediment than it is in the coarser sediment

to the west.

To detennine the cause of this apparent variation, ex-

perimental channels were constructed on an eight-foot-long stream table •

.,
/
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Discharge, initial gradient, and initial channel shape were controlled
in trial runs in two different sediments.

The coarser sediment con-

sisted almost entirely of sand size particles w:Lth a mean diameter o~

0.42 mm.

The mean diameter of the finer sediment, half of which was

silt and clay, was 0.08 mm.

Trial runs in each sediment were continued

until changes in channel shape were no longer apparent.

Measurements

of the width and depth of the channels were made throughout each run.
Results of the laboratory experiment are discussed on page 22.

\
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RESULTS AND INTEP.PRETATIONS
Basin Analyses
Drainage density and runoff. -- Results of the drainage basin
I

analyses are shown on Table 2.

The Park . River basin is the largest of

the three, draining about 1045 square miles.

The Turtle River basin is

the smallest, having only 636 square miles of contributing drainage area.
The general ineffectiveness of runoff erosion on the lake plain is
. reflected by the low drainage density (0.8 to 1.1 mi/mi) and the
relatively great length of overland flow (0.45 to 0.70 mi).

As a result

of the extremely sparse effective runoff, evolution of drainage on the
lake plain has been and will presumably continue to be slow.

The incised

rivers, a few tens of feet below the upland in the western part of the

lake basin, and the few swamps and small lakes in the eastern por·tion
might suggest that the drainage is in a ttyouthful" or Hinitialff stage
of development.

Because of the lack of relief, and thus runoff, however, .

it is evident that little change will occur in the drainage on the lake
plain.

If, when considering the stage of drainage development, one

considers not the stages through which the drainage system has evolved,
but the potential for further changes to take place, the lake plain
may be said to have been "born old".

On the ground moraine west of the lake plain, drainage density is
noticeably greater than on the lake bed (pl. I).

This difference can

be .attributed primarily to greater available relief which enhances
surface runoff.

'

I

•
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Table 2.--Draina'ge basin analysis data.
TURTLE RIVER

Area, sq mi

Stream
Number
(Strahler, 19.52)

Mean Segment
Length (mi) ·

Bifurcation
Ratio - Rt,
Drainage
Density - Dd
(mi/mi)
Average Length
of Overland
Flow (mi)

1st
2nd
3rd
4th
.5th
6th

order
order
order
order
order
order

1st
2nd
3rd
4th
.5th
6th

order
order
order
order
ol'der
order

PARK RIVER

FO RE':IT RIVER

636

8.50

104.5

3.58

217

27
8
3

1.5
2

322
.75
21
.5
2

1

1

1

0.8
2.3
4.1
4.9

1.2
2.6
7.4

86

61

6

8.0

18.0

.50.8

16 • .5

1.1
3.2
6.2
13.0
2.5.2
2.5.3

3.3

3.0

3.3

1.1

0.7

0.8

o.4.5

0.7

o.6

0.8

0.3 ·

o.4

.

5.7

lo=.!

2Dd
Stream Frequency
F = no. streams
s
area

,'
A

2

+•.: •

Q
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Drainage patterns. -- The area offers an intersting contrast in
drainage patterns (pl • . I).

The consequent streams fiowing off the ground

moraine onto the lake plain exhibit a subparallel to dendritio pattern.

The strandlines have infiuenced the subsequent tributaries in the beach
areas, however, causing a markedly rectangular pattern.

'!his pattern is

especially prominent in the Turtle and Forest river basins, where the
strandlines are better developed.

Alignment of the streams parallel to

the beaches serves as a guide in tracing strandlines that in places are
llO'j. otherwise evident on topographic maps or aerial photographs.

Longitudinal Profiles
Longitudinal profiles of the rivers are shown in Figure 2.

Profiles

of the Turtle and Park rivers a.re incomplete because either topogra.r.hic
map coverage or reliable altimeter data ware not available.
The average gradient of the Forest River is

3.8

gradient for the portion of the Park River shown is

rt/mi, whereas the

5.4 ft/mi.

Gradient

for the Turtle River from site 29 headward is about 6.6 ft/mi.
The gradient of all three rivers steepens noticeably upstream from

the sites marked on the profiles in Figure 2.

Plate II shows that each

of these sites marks the transition in channel sediment from
dominantly sand.

mud

to pre-

Upstream from these points the gradients of the

rivers increase to 6.6 rt/mi for the Turtle River, 6.4· ft/mi for the
Forest River, and

6.3 ft/mi for the Park River. This change in gradient

is also noticeable in the field. The rivers upstream from the key sites

are tYPified by alternating riffles and pools, whereas downstream from
these sites the channels appear more unifonn, deeper, and sluggish.
Streams in equilibrium are,' by definition, adjusted

to

transport the
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caliber of sediment supplied to them.

Thus, an increase or decrease

in sediment size effects a corresponding change in the gradient.

Channel Sediment
The particle size of sediment in the channel at selected crossvalley profile sites (fig. 3) is shown on Plate II.

The percentage of

gravel, sand, and mud (silt-clay) is shown by "pie diagramstt.

Results

of size analyses from some · sites are omitted as they are very _s imilar

to those of adjacent stations.

Near the mouth of each of the rivers

the sediment consists al.most entirely of mud.

The percentage of sand

increases · sligh:tJ.y upstream to the beach area.

In the beach_area the

sediment is coarser with a sudden increase in the amount of sand and
gravel and a corresponding decrease

in the mud fraction to only a few

percent. · Althou.gh the lowest strandline in this area (Ojata) cannot be
traced into the Park River basi;i,' the sand and gravel in the channel
of the Park River at sites 660 and

660 suggests . the presence here of

the Ojata beach as the source for this coarser sediment.

Sand and

gravel predominate in the channels from the beach area headward.
The size of the sediment in the channel presumably reflects the
availability of these particles for erosion by the stream.

If a stream

is in quasi-equilibrium, the gradient is adjusted to transport the

size of sediment present in the channel.

Also, because of selective

sorting within the river, the coarser particles are not transported far

downstream from their source but are exchanged for finer sediment.
I

•

Sediment Size and Channel Morphology
Laboratory experiment.

,·

A trapezoidal channel, four inches wide,
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one inch deep, and eight feet long, the length of the containing flume,
was molded in sand having a mean particle diameter of o.42 mm (medium
sand).

Measurements of channel width and depth were made throughout

two runs of 300 and 62t hours duration.

Initial bed slope and discharge

were 0.0156 ft/ft and 0.0034 cfs respectively in the longer 1'l.n (1'ln 1).
For the shorter 1'ln ( ~ 2) initial bed slope was 0.0226 ft/ft and discharge was O.0029 cfs.

The average width-depth ratios of the channels

are plotted against time iii Figure ~.

A trial 1'l.n {run 3) in finer

sediment (0.084 mm mean diameter, very fine sand) with 0.0017 ft/ft bed
slope and discharge of 0.0049 ci'~ was continued for 147 hours.

After

147 hours and to the end of the run discharge in this trial was increased
to 0.0069 cfs.

Changes in channel shape are minor in the finer sediment (1'ln

3).

'l'nis was also found to be true in the coarser sediment near the end of
run 1.

It is thus assumed that these channels were stable under the

conditions of each of the experiments.

The stable channel in the

coarser sediment has a much higher width-depth ratio than in the fine
sediment.

The explanation for this relationship lies in the distribution

of energy within the channel.

The greater the width-depth ratio, the ·

greater the ratio of velocity acting on the bottom of the channels to

that acting on the sides (Lane, 1937, cited in Schumm, 1960, p. 22).
Stable channels carrying a high bed.load of easily eroded sediment
(little mud) require higher :velocity on the bed to transport the load
and lower velocity on the banks to prevent erosion than streams carry-

ing mostly mud.
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Field data. -- The channel of each of the rivers investigated in
the field seems to exhibit a change in width-depth ratio similar to that
in the laboratory experiments.

The channels in :t'ino:r sediment. on the

eastern portion of the lake plain appear to be narrower and deeper than
those farther west in the coarser sediment (beach and moraine area).
By actual measurement, however, the channels show no consistent trend

in variation of the width-depth ratio throughout their course.

Figure

.5

shows that the width-depth ratio of ~..ost sites is · between '.3 and 12 and
varies :randomly upstream from the mouth.

It was often difficult to

detennine the boundary between the channel and floodplain, however,
and some ratios may there.fore be invalid.

To be consistent, the first

break in slope above the banks was considered to be the upper margin of

the channel.

Similarly, channel depth was measured from this level to

the deepest part of the channel cross-section.
The mean percentage of mud (M) in channels containing less than

ii<>~ gravel is plotted against width-depth ratio in Figure ;. M is
defined as: ~ mud in substrate X channel width +
width+ 2 depth

(Schumm, 1960, p.18).

%mud

in banks X 2 depth

Schumm (1960) :found that for stable .channels

(neither aggrading or degrading) points should lie along the regression
line labelled "stable" in Figure

S. The less mud (M) in a stable

channel, the greater should be the width-depth ratio, as was the case
in the stream table experiment.

Data for the rivers, however, show

only three or :four "stable" channel sites.

It appears, then, that

either (l.) the channels investigated· are unstable throughout most of

their length, (2) the measurements of these channels yielded invalid
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width-depth ratios, or (3) the relationship as proposed by Schumm is
invalid.
Considering the first possibility, the data suggest that the
rivers are degrading where they are carrying coarser sediment and
aggrading near their mouths.

While this may seem logical, aggrading

and degrading are used by Schumm to describe "unstable" channels, i.e.,
channels out of equilibrium.

It is difficult to believe that these

river channels are not adjusted or graded.

Conditions here are

apparently stable and probably have not changed significantly perhaps
in the past few thousand years.
Schumm (1960) did not indicate how he recognized unstable channels
i.e., whether he recognized them as such in the field or later decided
they were unstable because they did riot fit-the relationship he found
for the majority of the channels.

Thus, it is not known to the writer

how an unstable channel should be recognized in the field.

No features

are present in the channels investigated by which they could definitely
be classified as either aggrading or degra~ing.

Therefore, it seems

hazardous to so designate them solely on the basis of these data.
The second assumption concerning channel measurement is probably
It was especially difficult to detennine the boundaries

partly correct.

of channels containing coarser sediment.

Unlike the incised channels

on the eastern lake plain, the channels within and west of the beaches
were flanked by a floodplain which often graded indistinctly into the
banks.

Thus, the width-depth ratios of some of the channels below

the regression line (fig. S) may, in fact, be greater than shown.
It is not known if the relationship of channel morphology to
sediment size proposed by Schumm (196o) is correct.

',"

Although the
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present data do not appear to support it, neither do they provide
unquestionable evidence for rejecting it.

His hypothesis is thought

to be partly acceptable on the basis of the stream. table experiments
and the logic of his reasoning.

Like most generalizations of this

type, however, it will probably be found to be useful only under
spec1£ic conditions and for certain areas.

Valley Width
The change in valley width throughout the course of each river is
shown in the cross-valley profiles (pl. II).

Contrary to- what one

might expect, the width of the valleys increases up~tream from the mouth.
East of the

c )aches,

the river valleys are either entirely filled by

the present channel or are indistinct, grading upward from the channel
onto the upland.

The valleys are more distinct and generally wider in

the beach area, being about one-third of a mile wide where the Turtle
and Forest rivers cross the Blanchard and Hillsboro strandlines.

The

width of the Turtle and Forest river valleys increases to a IllaJQJll\llll of
about half a mile in the

0

del ta".

The cause of the variation in width is not known, but there appear
to be three possible explanations.

First, width of the valley may be

a simple function of the erodibility of channel banks.

Greater lateral

migl"ation of the channel would be permitted in more easily eroded
material, producing a wider valley.

This would explain the great

difference in valley width between the eastern portion of the rivers,
which flow through fine grained, cohesive, lake sediment, and the
western part of the Turtle and Forest rivers, which transect the sandy
ttdeltaic" sediments (sites 60 and 1000, pl. II).

In addition, it might
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explain a similar difference in valley width between the beach area and
the eastern lake sediments. · It is questionable, however, that the valley
walls a.re actually more erodible throughout the beach area than through
the fine-grained lake sediments farther east; the beach deposits are
merely superposed on the surface of the till into which the valleys
are cut.

For example, the Turtle River valley in the vicinity of the

McCauleyville and Blanchard beaches (.51 and 52) is about 1/}-mile w:ide
but is entrenched approximately

35 feet into the till. Erodibility

does not appear to be the controlling factor here.
Another possible explanation for the varying valley width involves
the concept of changes in base level.

As the lake level lowered, the

rivers presumably extended their channels eastward across the lake bed.

It has been suggested that they therefore are "extended consequenttt
streams (Laird, oral communication, April 1965, University of North
Dakota, Department of Geology).

'Illus, the wider valley in the beach

and "delta" area might have resulted from extensive lateral erosion at
the mouths of the rivers as they discharged into Lake Agassiz during
pauses in its recession.

'Iha narrow valley east of the beaches suggests

a more rapid withdrawal of the lake below the Ojata level.

Whether ·

or not the higher base levels would actually promote lateral erosion
at the mouths of these rivers is not known.

These valleys have not,

however, widened at their present junctures with the Red River.

Further,

this phenomenon does not explain why the river channels appear to be

.

migrating in the wider valley areas at present.
Variation in the size of available sediment suggests a third
possible cause for the change in valley width.

Whereas the till in

the beach areas is probably not significantly more erodible than the

/
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fine-grained lake sediment, it does contain coarser sediment (sand and
gravel) as is evident .from the channel samples .from this area..

Since

the regimen of a stream in equilibrium is adjusted to transport the

particles supplied to it, streams carrying coarser sediment may be
capable o.f more effective lateral erosion because of their higher energy.
Unlike the previous explanation, this cause could still be effective
today.

In summary, three possible causes for the variation in width of
these three river valleys have been suggested.

The first possibility,

erodibility of valley walls, is inadequate when applied to the entire
area.

The second .. explanation involving base level control of valley
(

widening suggests a phenomenon which may not have occurred in these
rivers.

In addition, the process or valley widening appears to be still

active today whereas this base level control is not.

The third proposed

cause, sediment size, although probably not the sole factory in controlling valley width, is thought to offer the most practical explanation
for the area under discussion.

The other two .factors perhaps exert some

local influence.

Terraces and Terrace-like Surfaces
Discussion. -- By definition, a terrace is a more or less level surface representing a former 11.oodplain that is not inundated by the mean
annual 11.ood (Wolman and Leopold, 1957, p. 10.5).

This 11.ood is equaled

or exceeded about once every 2.33 years (Leopold, et al., 1964, P• 64).
Although in most cases no precise distinction between 11.oodplain and
terrace was possible in the field, some insight was gained into the
problem during the 11.ood of June 1964.

Many surfaces, which were pre-

viously thought to be tar.races, were flooded at this time.

/

This 11.ood
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had a recurrence interval of 17 years at the gaging station on the
Forest River near Fordville, of 2.7 years farther downstream near Minto,
and 2.2 years on the Turtle River near Manvel (.fig. 1) (McCabe and
Crosby, 1959, and unpublished U .S.G.S. surface water records, Grand
Forks o.ffice).

The extent of the surfaces inundated near Minto and

Manvel, there.fore, should ideally include the entire f'l.oodplain but
litUe or none of the terrace surfaces.

Flooding of most of the terrace-

like surfaces shown in profile sites 6o, 61, and 63 on the Turtle River
was particularly evident.

They should therefore, by definition,

probably be considered part of the active fioodplain.
Some evidence, however, sugges+s that the definition of a terrace
J

by Wolman and Leopold (1957) should be questioned.
is the concept of the mode of floodplain fonnation.

The basin problem
They believe that

floodplain growth can be attributed almost entirely to lateral accretion
on point bars within the channel (Wolman and Leopold, 1957, p. 106).
Conversely, overbank deposition or vertical accretion during floods is
believed to contribute only a minor part of the sediment constituting
Schumm and Lichty (1963, P• 71) have found, however,

the floodplain.

that overbank fiooding accompanied by vertical accretion may be an important, if not dominant, factor in floodplain construction in some
areas.

Observations by the present writer in the area under investi-

gation support this latter view.

If this phenomenon is important in

floodplain growth, surfaces inundated only during relatively large
floods may still be "growing" as a result of overbank deposition.

These

surfaces, then, would still be directly related to the present stream
regimen and would be

part

of the active floodplain.

The most direct evidence of the .importance of overbank deposition

,,; ,_

33
is the observed thickness of sediment deposited above the banks of
portions of the rivers during the June 1964 fiood.

Thickness of these

deposits ranges £rom 3/4 to 3 inches, although most deposits were less
than li inches.

For example, a surface about eight feet above the

river shown in cross profile 57 (pl. II) was covered with an inch of
sediment following the flood.

In some places this sediment consists of

sand, but generally appear~ to be fine sandy silt.

When observed two

months later, J.ittle of the sediment appeared to have been washed away
after several summer rains.

Further evidence of the importance of

vertical accretion was observed along the Turtle River near sites

54, and 57.

At both places, trees from eight to ten inohes in diameter

(on a surface

7t to

8 feet above the river) have six to ten inches of

sediment covering the crown of their roots.

In all cutba.nks where sediments about eight feet thick or greater
were examined, the upper few feet of sediment were found to be fine
sandy silt.

Deposits of sediment of this size were not noticed in the

adjacent channel, however, indicating that it perhaps originated as an
overbank deposit.
Description. -- Terrac&-like features occur in all three valleys
from the eastern margin of the beach area headward (sites 34 to 63, 900 .

to 1000, 710 to 770).

At some places there is more than one level, such

as at sites 21, 51, and MB on the Turtle River, 930, 940, and 950 on
the Forest River, and 710, 740, and 770 on the Park River.

Multiple

levels are restricted to the Emerado, Hillsboro, and Campbell beach
areas, except at 770, where the Park River crosses the Edinburg moraine.
The lowest of the terrace-like surfaces usually occurs about
10 feet above the normal summer river level.

All of the above features

are composed of all..Lvial sediment and thus are "fill" or "flllstrath"

,'
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rather than "strath" terraces (Howard,

1959,

P• 242) i f they are, in

fact, t1Ue terraces • . Few, i f any, of the terrace-like features appear

to be paired.
The contact between the "fill" and the underlying till is seldom
seen, although it is exposed at site~ 101 and 21 on the Turtle River
and site 710 on the Forest River.

The contact in all cases is within

one foot of the present normal summer river level.

'I-- Two areas on the Turtle River valley contain terrace-like features
which are more .distinct than the rest.

One is between sites 39 and 42,

just downstream from the junction of Kellys Slough with the Turtle River.
This nearly flat terrace-like surface is about ten feet above the
river, three miles long, and appears to be paired.

Auger test holes

four feet into this surface show that it consists of silty clay, which
varies in color from grey to yellowish-tan~

The channel at this point

also contains silty clay, as do the uplands, which are covered with
fine-grained lake sediment. ·. The origin of the sediment composing the
terrace-like feature could not be determined, and it is not known if
this is a fill or a cut surface.

'J.- More

extensive terrace-like features are found in Turtle River

State Park.

Two albandoned meander levels, previously described by

Laird (1943), occur where the river cuts the Campbell and McCauleyville
beaches.\ The channels of the abandoned meanders are about 8 to 1.5 feet
above the normal summer river level.
the meander cores ··are

The level terrace surfaces ldthin

13 and 20 feet above the present river.

Interpretation. -- The terraces in the Pembina and Assiniboine river
valleys described by. El.son
present valley bottoms.

/

(1955)

are from .50 to

370

feet above the

None of the terrace-like features in the

35
valleys under investigation is more than 20 feet above the river, and
most are only about 10 .feet.

This in itself suggests that these low-

relief surfaces are more likely part of the active floodplain than
true terraces.

Cursory examination of the terrace-like features along

the Turtle River led Elson to this same conclusion (oral communication,
July 1964).

Flood height data from a gaging station on the Forest River, near
Fordville, provides evidence to support this suggestion.

The

max:umun

gage height of recent floods is known, as well as the elevation of the
base of the gage.

It is thus possible to estimate the height of the

flood on the land near the gage.

Figure

6 shows the extent of a portion

of the Forest River valley bottom that was inundated by two recent
floods.

Note that the profiles across the valley bottom show a

terrace-like surface about 1400 feet wide and 10 feet above the normal river level at profile B - B'.

The lesser of the two floods

(June 1964) has a recurrence interval of 17 years at this station.
There is reason to believe that this estima}e is somewhat high, however,
as the same flood has a recurrence interval of only 2.7 years farther

dchmstream near Minto and 2.2 years on the Turtle River near Manvel.
This lower terrace-like surface was probably under about five feet of
water during the peak of this flood.

The higher surface, which is

about 15 feet above the river and present on both sides was only
partially inundated by the 17-year flood, but probably covered to a
·depth of about five feet by the 1950 flood, which had a recurrence
interval cif~.- greater than 100 years (McCabe and Crosby, 19.59, p. 7).
Gage height and recurrence interval data suggest that this higher
surface would be flooded by even a .50-year flood.

If overbank
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deposition is as important in floodplain construction in this area as
was suggested previously, both of these surfaces and others like them
are undergoing alteration by occasional floods and should be considered part of the active floodplain rather than terraces; i.e., they
are not remnants of a former higher stream level, but are related to
the present stream regimen.
Further evidence that terrace-like features only a few feet above
the river are actually part of the floodplain was found along the

Turtle River near site 101, where the river crosses the Elk Valley
11 Delta 11 •

Two mammal leg bones were found in a peat layer three feet

below the top of an 11-foot cutbank.

With these bones a fragment of

window glass and a small piece of concrete were also found.
overlain by three feet of sandy silt.

All were

The window glass and concrete

could not pre-date white settlers in this area and are probably not
more than a few hundred years old.

It appears that sediment overlying

these objects was deposited during the present river regimen and thus
the surface above the cutbank must be part of the active floodplain.
Even if rejuvenation of the river is inferred to follow deposition of
this surface, which would make it a terrace, under no conditions
could the change in regimen be associated with Lake Agassiz history •

.

- - Considering the low level terrace-like surfaces as part of the
active floodplain, two possible terrace surfaces rEmain, the abandoned
meander levels in Turtle River State Parle and the higher surfaces where
multiple terrace-like features occur (p. 33).

Both can justifiably

be called terraces since they represent former floodplains that are no
longer flooded.~
Ideally, paired terraces would probably be formed during a stable
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base level such as might .have occurred during a halt in the recession
of Lake Agassiz, followed by rejuvenation.

The terraces that are

present . in this area, however, seldom a.ppea.r to be paired, and even

if they are, they cannot be traced along the river farther than one
mile.

These terraces, since th.e y ar .J discontinuous and unpaired, are

probably the result of slow, continual downcutting accompanied br
lateral migration of the river.

It is not possible, therefore, to re-

late these terraces to any particular 'level of glacial Lake Agassiz.

Possible Evidence of Base Level Changes
While there does not appear to be sufficient information from
the terraces to interpret the relationship of the river valleys to

Lake .Agassiz history, there is some additional evidence that may be
help:f'ul.

Laird (1944) discussed a contact between eroded till and

alluvial fill sediment which is exposed just west of Turtle River State

Parle. f The till surface, about one or tm feet above the level of the
bottom of the river channel, is overlain by five feet of fine gravel,
which in turn is overlain by

7!

feat of sandy silt-J

Laird (1944, ·,

p. 29) interpreted the till surface as a "cut" terrace and the overlying
alluvium as a "fill" terrace, which was deposited by the river during
an aggradational stage associated with a higher base level.

T'nis was

'
followed by a sudden drop in base level resulting in the present de-

gradational cycle.

While this interpretation may be valid, another,

somewhat simpler, .. explanation is possible in the light of the foregoing
discussion of floodplain growth.

If one accepts the fact that overbank deposition may occur during
occasional, large floods on surfaces 12 feet above the normal level of

I

_ _ _ _ _ _ _ _w
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rivers, the alluvial "fill" at this exposure may represent floodplain
deposition during the present river regimen •. The fact that the river
is presently lower than the exposed till surface may also be explained
in this way.

As a river migrates laterally within its valley it slowly

lowers the elevation of its channel.

The channel of the Turtle River

at this place has been rerouted because of bridge construction.
rerouting, the channel was about 100 yards east of this cut.

Before

In mi-..

grating across the valley from the site of this exposure to its former
position, the channel lowered its bed a foot or so.

Therefore, the

rerouted channel is presently slightly lower than::.it was when the till
was eroded.
Other sediment, exposed on the Park River about two miles east of
the town of that name, appears to necessitate changes in base level to
explain its occurrence.
exposed more than

Near site 930 the ®tbank of the river has

25 feet of sandy silt.

The upper surface of this.

sediment grades indistinctly into the surrounding lake plain.

The sedi-

ment in the bank appears unstratified and homogeneous throughout, except for a few thin sand stringers.

Assuming this sediment is of

nuvial origin, as it does not resemble any previously examined Lake
Agassiz sediment, it must represent an aggradational stage of the river
during which the previously eroded valley was filled.

The present

river has cut through this "fill", but has not yet exposed its base.
Deposition of more than 25 feet of sediment would entail a relatively
large-scale fluctuation in base level, locally~ least 15 feet, which

can most likely be attributed to some phase of Lake Agassiz history.
Erosion of the valley may have taken place during the Lake Agassiz I - II
interval, with subsequent filling as the base level of the river rose

4-0
during Lake Agassiz II time.

The valley has once again been eroded

since the lake l'evel lowered.

Organic Remains
Pelecypod shells were collecte<3 from cutbanks on the Turtle River
at sites 21 and 53, about 2t miles northeast of Turtle River State
Park.

These specimens were identified by Dr. Alan Cvancara, University

of North Dakota geology department (table 3).

The mussel species, as

evidenced by shells in cutbank sediment fonnerly deposited by the
Turtle River, constitute essentially a small river or creek fauna
(Baker, 1928 and Van der Schalie, 1938).

Of the seven species repre-

sented, La.smigona compressa, Anodotoides ferussacianus, and perhaps~·
complanata, are the most characteristic of a small river or creek.
Dawley (1947) listed 11 species of mussels from the Red River.

Of these

· 11 species, only four are common to both the Turtle and Red rivers,
Fusconaia flava (only in cutbank sediments in the Turtle River),
Anodonta grandis, Strophitus rugosus (only in cutbank sediments in the
Turtle River), and Lampsilis siliguoidea.

Only four of the seven

species collected from the cutbank sediments presently occur in the
Turtle River (table 3).

Ecologic factors affecting the distribution

of mussels now living in the Turtle River are discussed by Cvancara
and Harrison (in press) • . The reason for the absence of three of the
species in the present river is not known •.
Remains of ap,.aeriids in former Turtle River sediments represent
two species which now live in that river.

Sphaerium simile is

commonly found in small lakes as well as in eddies in rivers and
creeks; it is never found in swamps or ponds (Herrington, 1962, P• 29).
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Table '.3.--Peleoypods collected from Turtle River cutbank sediment.
Class

Peleoypoda

Order Enlamellibranohiata
Family Unionidae
Subfamily Unioninae
F\lsoonaia nava (Rafinesque), 1820
Subfamily Anodontina.e
Lasmigona oompressa (Lea), 184;?
~ . complanata (Barnes), 1823
*Anodonta grandis Say, 1829
*Anodontoides ferussaoianus (Lea), 1834
Strophitus rugosus (Swainson), 1822
Subfamily Lampsilinae
*Lampsilis siliguoidea (Barnes), 1823

Family Sphaeriidae
Subfamily Pisidiina.e
*Pisidium compressum Prime, 1851
Subfamily Sphaeriinae
*Sphaerium simile (Say), 1816
*Presently living in the Turtle River (Cvanoara and Harrison, in presbJ.
++Not collected in . cutbank sediment, but is to be expected (Cvancara and
Harrison, in press).
·
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Pisidium compressum occurs in creeks, rivers and lakes (Herrington,
1962, p.

35).

Dr. A. M. Cvancara collected numerous specimens of these

two sphaeriids near site 21 on August 28, 1964.

They were taken six

yards below a boulder crossing and four feet from the left bank from a
substrate of predominantly fine-grained sand (analyzed sample, 75.1~
sand, 22.l~ silt and clay, and 2.8~ gravel).

Here, the depth was 0.7 f't

and the mean velocity of the water (at 0.6 of depth) was 0.30 fps.

Thickness of' Organic-Rich Horizon
An effort

to correlate terrace-like surfaces of different age

by the thickness of the associated organic-rich, dark colored horizon

was unsuccessful.

Figure 7 shows the thickness of the horizon on

various terrace-like surfaces within Turtle River State Park.

While

there does appear to be a trend toward a thicker organic-rich horizon
on higher, older surfaces, it is not consistent.

For instance, the

thickness of the horizon on the lower abandoned meander level is
16 and 17 inches at two sites.

This thickness is equal to or greater

than that measured on the highest meander level, which must be older.
Similarly, the thicknes·s of the dark horizon on the upland is less
than on some of the surfaces cut into it.

Factors other than time,

such as vegetation, lithology, exposure, and drainage mu.st ~.be exerting
a differential effect on the development of this horizon.

Al though

in some instances it may suggest the relative age of terrace-like
I

surfaces, the thickness of th~ organic-rich horizon does not appear

to be a useful tool for relative dating and correlation in this area.

,'
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CX>NCLUSIONS

1.

Erlremely low runoff on the glacial Lake Agassiz plain results

in a low drainage density.

This area has little potential :for drainage

evolution without additional rejuvenation and may be thought of as being

"born old".
2.

The Turtle, Park, and Forest rivers probably extended eastward

as Lake Agassiz drained and are therefore "extended consequent streams".

J. Beach deposits fomed during fomer levels of glacial Lake
Agassiz cause tributaries to the rivers in this area to have a rectangular drainage pattern.
4.

The particle size of sediment within the Turtle, Forest, and

Park rivers is primarily dependent upon the size of sediment available
for erosion.

An increase in sediment size in turn appears to cause

an increase of both gradient and width of these river valleys.

5. Laboratory, experiments show that the s_table channel in coarser
sediment (medium sand) has a higher width-depth ratio than in finer
sediment (very fine sand).

This relationship was not supported by
'

data from the Turtle, Park, and Forest rivers.

6. Vertical accretion by overbank deposition is important in
floodplain growth in this area.

Surfaces flooded by only occasional,

large floods should still be considered to be part of the floodplain,
rather than terraces.

Most of the terrace-like surfaces in these

river valleys are subject to occasional flooding and are therefore
part of the floodplain.

/

•,

7.

The few true terraces within these valleys are unpaired and

not continuous enough to be correlated with any particular higher
base level.

'.they have tomed either •• abandoned meander• o:r alip,,01'1'

surfaces during apparently continual down.cutting associated with
lateral migratit~ of the river channels during and after draining of
glacial Lake Agassiz.
8.

A portion of the Park R1.var valley was presumably eroded

during the Lake Agassiz I - II interval.

'
A higher local base
level

associated with Lake Agassiz II caused the river to aggrade its valley
near the town of Park River.

Subsequent draining of the lake allowed

the riv:er to cut through this alluvial till.

9.

Seven mussel species collected from cutbank sediment on the

Turtle River constitute a. small river or creek fauna. · Of these seven
species only four presently occur in the Turtle River.

The reason

for the absence of three of the species in the present river is not
known.
\

/
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RECOMMENDATIONS
Rivers draining into the Lake Agassiz basin were probably affected

to some extent by changes in base level associated with fluctuations
of the fonner lake.

Little evidence of distinct changes can be found

in the Turtle, Forest, and Parle river valleys.

Other valleys, however,

such as the Pembina and A.ssiniboine contain undeniable evidence of base
level fluctuation.

This, perhaps, can be attributed to the larger size

of these river valleys and/or the fact that they formerly carried
meltwater, whereas the Turtle, Forest, and Parle rivers are not known

to have received meltwater. or its associated debris.
It is believed that further study of terrace-like features in the
Turtle, Forest, and Park river valleys would be unfruitful.

Likewise,

other river valleys of similar ' size in the Lake Agassiz basin, such
as .t he Goose River, probably contain few terraces.

Larger river

valleys, or those which carried meltwater, however, may contain
numerous paired terraces such as those described by El.son (195.5) in
the Pembina and Assiniboine valleys.

Terraces along these two rivers

probably warrant more detailed study.
Other valleys which should be considered are those of the Sheyenne
River in North Dakota and the Buffalo, Sand Hill, and Red Lake rivers
in western Minnesota.

The.Sheyenne River valley appears particularly

promising in that it may have served as a meltwater channel during
•
some phase of glaciation in North Dakota.

In addition, this valley

contains an alluvial deposit similar to the Pembina and Assiniboine
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deltas" into which terraces may have been cut.
Of the methods used in this investigation, the cross-valley pro-

files provided the most useful info:nnation.

On the other hand, altimeter

data do not appear to warrant the time involved.

If they are necessary,

however, it seems imperative to have a constant-recording barometer
at a base station so that corrections can be made for air pressure

nuctuations.
Sediment samples, although perhaps not particularly pertinent to
most terrace studies, do pennit application of Schumm's (1960) tentative classification of channels.

This classification is relatively new

and its value cannot be determined until thoroughly tested.

For this

reason, the application of this classification is encouraged if possible.
This investigation has provided ·a limited amount of new infonnation
about the relationship of rivers in the Lake' Agassiz basin to the
history of the former lake.

It has, however, pointed out some important

problems involved in a te~ace study of this type.

In addition, it is

hoped that it wil1 serve as a stimulus and guide for further ~tudy of
river valleys in the Lake Agassiz basin.

I
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